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HIGH FREQUENCY AMPLIFIER HAVING AN
ATTENUATOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-

cation No. PCT/JP2005/004047, filed on Mar. 09, 2005, now
pending, herein incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to a high frequency amplifier
having an attenuator, and more particularly a high frequency
low noise amplifier having an attenuator and being provided
in a front-end circuit on an antenna side of a radio recerver
unit.

BACKGROUND OF THE INVENTION

In the front end of a radio receiver unit, a high frequency
low noise amplifier 1s provided for amplifying a reception
signal. For the above high frequency low noise amplifier, 1t 1s
required to amplify the amplitude of a minute reception signal
being input from a recerving antenna with the suppression of
an increase of noise, and also to have predetermined imped-
ance. The receiving antenna may receive an input signal hav-
ing large power, other than a minute reception signal. There-
fore, 1n order to attenuate such the input signal having large
power, 1t 1s necessary to provide an attenuator 1n the amplifier.

Meanwhile, 1n recent years, it 1s proposed to configure a
front-end circuit using a CMOS circuit, which 1s realized by
a common chip to a circuit provided 1n a succeeding stage for
digitally processing a baseband signal. By configuring both
the front-end circuit and the digital processing circuit using,
CMOS circuits, 1t 1s possible to obtain a single chip configu-
ration, enabling large cost reduction.

FIGS. 1 and 2 shows configurations of the conventional
front-end circuits. In the example shown 1n FIG. 1, a variable
attenuator 14 1s provided between an antenna 10 and a high
frequency low noise amplifier 16. In the succeeding stage of
low noise amplifier 16, there 1s provided a mixer 18 to mul-
tiply a signal from a local oscillator 20, and thereby a high
frequency mput signal 1s converted to an intermediate fre-
quency signal or a baseband signal. Variable attenuator 14 1s
variably controlled either to attenuate or not to attenuate, in
response to a feedback control signal 22 from the succeeding,
stage. When an input having large power 1s recetved, variable
attenuator 14 performs attenuation, so as to prevent low noise
amplifier 16 from saturation. When an input having an ordi-
nary level 1s recerved, attenuator 14 does not perform attenu-
ation, and the recerved signal 1s input to low noise amplifier 16
intact, without being attenuated by variable attenuator 14.
Such the prior art 1s described in Patent document 1.

In the example shown m FIG. 2, a low noise amplifier 16
and an attenuator 15 are provided in parallel, and there 1s
performed a switchover between a case of supplying the
reception signal to a mixer 18 via low noise amplifier 16 and
a case of supplying to mixer 18 via attenuator 15 by means of
a switch SW. The switch SW 1s controlled to switch over by a
teedback control signal 24 fed from the succeeding stage.
When an input having large power 1s recerved, the switchover
1s made to the attenuator 135 side, so that attenuator 15 per-
forms attenuation. Meanwhile, when an input of an ordinary
level 1s recetved, the switchover 1s made to the low noise
amplifier 16 side, so that the reception signal 1s amplified by
low noise amplifier 16. Such the prior art 1s described 1n
Patent documents 2 and 3.

In the exemplary circuit shown in FIG. 1, anoise factor NF

1s deteriorated because variable attenuator 14 constituted of
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an element which becomes a thermal noise source 1s provided
in the preceding stage of low noise amplifier 16. Vanable
attenuator 14 1s configured of, for example, a T-shaped circuit
of resistance elements, and for a resistance value R, thermal
noise of <v>*=4 kTR (T is temperature) is produced. There-
fore, with the provision of the above varniable attenuator 14,
undesirably the above thermal noise 1s added to the input
signal of low noise amplifier 16. Even when the noise pro-
duced by amplifier 16 1s low, 11 the thermal noise 1s added to
the input signal, an overall noise factor (the ratio between the
S/N ratio of the mput signal and the S/N ratio of the output
signal) 1s deteriorated. Similarly, 1n the exemplary circuit
shown 1 FIG. 2, a switch SW 1s provided 1n the preceding
stage of low noise amplifier 16. The above switch SW 1s
constituted of, for example, a MOS ftransistor, and the tran-
sistor 1s also a generation source of thermal noise. Therefore,
in the case of FIG. 2, the noise factor 1s also deteriorated.

Patent document 1: Japanese Unexamined Patent Publica-
tion No. 2002-94408.

Patent document 2: Japanese Unexamined Patent Publica-
tion No. 2000-174650.

Patent document 3: Japanese Patent Application Publica-
tion No. 2000-508497.

SUMMARY OF THE INVENTION

According to a first aspect of the present mnvention, 1n an
amplifier for amplifying a reception signal, having an 1mnput
terminal for inputting the reception signal from an antenna,
the amplifier includes: a grounded gate transistor of which
gate 1s grounded 1n a high frequency manner, and of which
source 1s connected to the mput terminal; a load element
disposed between the drain of the transistor and a power
supply; and an output terminal connected to a connection
node between the drain and the load element, and further the
amplifier includes an attenuator selectively 1nserted between
the drain and the output terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a configuration diagram of the conventional
front-end circuit.

FIG. 2 shows a configuration diagram of the conventional
front-end circuit.

FIG. 3 shows a principle diagram of the present invention.

FIG. 4 shows a circuit diagram of a high frequency low
noise amplifier according to a first embodiment.

FIG. 5 shows a circuit diagram of a high frequency low
noise amplifier according to a second embodiment.

FIG. 6 shows a circuit diagram of a high frequency low
noise amplifier according to a third embodiment.

FIG. 7 shows a circuit diagram of a high frequency low
noise amplifier according to a fourth embodiment.

FIG. 8 shows a diagram 1llustrating the simulation results
of an amplifier with an attenuator according to the present
embodiment.

DESCRIPTION OF THE SYMBOLS

Trl: Grounded gate transistor, IN: Input terminal, OUT:
Output terminal, Tr2: Switch transistor, Tr3, Trd: Switch tran-
sistors, AT T: Attenuator, R1: L.oad element

PREFERRED

EMBODIMENTS

The preferred embodiments of the present invention are
described heremafter referring to the charts and drawings.
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However, it 1s to be noted that the technical scope of the
present invention 1s not limited to the embodiments described
below, but encompasses items described i the appended
claims and the equivalents thereof.

FIG. 3 shows a principle diagram of the present invention.
A high frequency low noise amplifier 30 connected to an
antenna 10 includes an attenuator 32 inside thereof. Between
an input terminal IN and antenna 10, neither an attenuator nor
a switch element for inserting the attenuator 1s provided. In
response to a feedback control signal 34 from the succeeding,
stage, attenuator 32 1nserts or inhibits to insert an attenuation
function into amplifier 30. The output of amplifier 30 1s sup-
plied to, for example, a mixer 18, so as to be frequency
converted therein.

FIG. 4 shows a circuit diagram of a high frequency low
noise amplifier according to a first embodiment. The above
high frequency amplifier includes an amplifier circuit using a
grounded gate transistor Trl, and an attenuator AT'T. The gate
of the amplification transistor Trl 1s connected to a first bias
voltage Biasl via a resistor R2, and also to a ground terminal
GND via a capacitor C1, respectively, thus being grounded 1n
a high frequency manner. In an 1deal circuit, the above first
bias voltage Bias1 has sufficiently low impedance 1n a signal
frequency band, and 1n such the case, the gate of the transistor
Tr1 1s directly connected to the first bias voltage Biasl, mak-
ing unnecessary the circuits of the resistor R2 and the capaci-
tor C1. Also, because the impedance of the capacitor C1
appears to be high 1n a low frequency band, 1t 1s better to
climinate the resistor R2 and the capacitor C1 1n such the case.
Also, the source SC of the transistor Trl 1s connected to the
input terminal IN, and also to a second bias voltage Bias2 via
an inductor L1. Further, the drain DR of the transistor Trl 1s
connected to a power supply VDD, via a load element con-
stituted of a switch transistor Tr2 and a resistor R1. Further, an
output terminal OUT 1s provided at the connection point of
the load element R1 and the drain DR. The above switch
transistor Tr2 1s a grounded gate transistor, and as an ampli-
fier, a cascade connection of the grounded gate transistors
Trl, Tr2 1s configured.

Further, 1n the above high frequency amplifier, the attenu-
ator ATT 1s 1nserted between the drain DR and the output
terminal OUT, 1n a manner to sandwich two switch transistors
1r3 and Tr4. The attenuator AT'T includes a resistor R3 dis-
posed between the transistors 1r3, Trd, and a resistor RS
connected to the power supply VDD.

In the above-mentioned high frequency amplifier, when a
switch signal SWX 1s H level and SWZ 1s L level, the tran-
sistor Tr2 comes to conduct and the transistors 1r3, Tr4 do not
conduct, and thereby the attenuator ATT 1s disconnected.
Then, the grounded-gate amplification transistor Trl and the
load element R1 function as a grounded gate amplifier. As
shown 1n the lower right of FIG. 4, the relationship between
the two bias voltages Biasl, Bias2 1s Bias1>Bias2. The input
signal INPUT 1s a signal of which amplitude swings centered
on the second bias voltage Bias2. When the above input signal
INPUT 1s input to the input terminal IN, the gate-to-source
voltage of the amplification transistor Trl varies, and follow-
ing the above variation, a drain current Id 1s varied. The drain
current Id flows through the resistor R1, load element, and an
output signal of which amplitude 1s amplified 1s generated on
the output terminal OUT.

An amplification factor 1s determined by mutual conduc-
tance gm of the amplification grounded-gate transistor Trl
and the load element R1. By adjusting the mutual conduc-
tance gm, the mput impedance can be adjusted 1n a wide
bandwidth to a desired value, for example, 50 £2. Namely,
when viewed from the input terminal IN, the input impedance
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has a value determined by the transistor Trl, the switch tran-
sistor Tr2 and the load element R1, which 1s mainly deter-
mined by the reciprocal number (1/gm) of the mutual con-
ductance gm of the transistor Trl. Therefore, by adjusting the
mutual conductance gm of the transistor Tr1, the input imped-
ance can be adjusted to the desired value. The above mutual
conductance gm has a small frequency characteristic, and
therefore, the input impedance can be matched over a wide
bandwidth. Thus, the grounded-gate amplification transistor
alone can attain the amplification over a wide bandwidth.

Next, when the switch signal SWX 1s L level and SWZ 1s H
level, the transistor Tr2 does not conduct, and the transistors
1r3, Tr4 conduct, and thus the attenuator ATT 1s connected.
Namely, between the drain DR of the amplification transistor
Trl and the output terminal OUT, the attenuator ATT consti-
tuted of the resistors R3, R5 1s inserted. Here, the drain current
Id varies with the input signal INPUT, and the above drain
current Id also flows through the resistors R3, RS of the
attenuator ATT, 1n addition to the resistor R1, load element.
With this, the signal amplitude at the output terminal OUT 1s
suppressed and attenuated, and the saturation of the amplifier
1s suppressed even 1n the case of the input having large power.

Further, the attenuator ATT includes a resistor RS con-
nected to the power supply VDD, 1n parallel with the load
clement R1. With this, an increase of the mput impedance
caused by the insertion of the attenuator AIT 1s reduced, so
that the input impedance 1s maintained at a desired value (for
example, 50£2). Namely, when viewed from the input termi-
nal IN, the input impedance 1s determined from the transistor
Trl, the resistor R3, and the parallel resistors RS, R1. Accord-
ingly, with the provision of the resistor RS in parallel with the
load resistor R1, 1t 1s possible to suppress an increase of the
input impedance at the time of attenuation operation when the
attenuator ATT being inserted.

Also, because the attenuator ATT 1s configured of the resis-
tance elements R3, RS, 1t has little dependence of frequency.
Namely, 1n the case of the resistance element, because the
impedance thereot does not include a frequency component,
the input impedance matching can be made over a wide
bandwidth even at the time of the attenuation operation, there-
fore, 1t 1s possible to prevent signal deterioration caused by
signal reflection at the mput terminal.

FIG. 5 shows a circuit diagram of a high frequency low
noise amplifier according to a second embodiment. In this
example, the point of difference from the circuit shown 1n
FIG. 4 1s that the attenuator ATT includes a resistor R4 1n
addition to the resistors R3, RS. Other configurations are
identical to the amplifier of FIG. 4.

At the time of the amplification operation when the tran-
sistor Tr2 conducts and the transistors 1r3, Tr4 do not con-
duct, the amplifier shown in FI1G. 5 1s 1dentical to the amplifier
shown in FIG. 4. Meanwhile, at the time of the attenuation
operation when the transistor Tr2 does not conduct and the
transistors 1r3, Trd conduct, the operation 1s as follows. First,
a signal on the drain DR 1s attenuated by the resistance divi-
sion by means of the resistors R3, RS, and the attenuated
signal 1s generated at a node N1. Then, the attenuated signal
at the node N1 1s further attenuated by the resistors R4, R1,
and the attenuated signal 1s generated on the output terminal
OUT. Accordingly, by 1nserting the resistor R4, 1t 1s possible
to further increase the attenuation factor, as compared with
the operation at the time of attenuation shown in FIG. 4.

Also 1 the high frequency low noise amplifier shown 1n
FIG. 5, amplification operation can be attained over a wide
bandwidth, similar to the case of FIG. 4, and also input
impedance matching can be performed over a wide band-
width at the time of attenuation operation. Further, the dete-
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rioration of the noise factor can be prevented without provi-
sion of a terminal noise source, such as an attenuator and a
switch, between the mput terminal IN and the amplifier con-
stituted of the transistors 1r1, Tr2 and the resistor R1.

FIG. 6 shows a circuit diagram of a high frequency low
noise amplifier according to a third embodiment. In this
example, the point of difference from the circuit shown 1n
FIG. 5 1s that the ground GND 1s connected to the resistor RS
of the attenuator. Other configurations are identical to FIG. 5.
In such the circuit configuration, the resistor R5 1s connected
to the ground GND 1n place of the power supply VDD, but
because both the power supply and the ground are power
supplies of large capacity, the above connection 1s equivalent
to the parallel connection of the resistors R1+R4 and the
resistor RS from the viewpoint of a small signal. Accordingly,
it 15 possible to reduce the mput impedance by means of the
resistor RS. Also, the signal on the output terminal OUT 1s
attenuated by means of the resistor R4. Further, by providing
the resistor R3 also, the attenuation factor can be increased
further. Even when the resistor R3 1s omitted, attenuation can
be made to some extent by means of the resistor R4.

FIG. 7 shows a circuit diagram of a high frequency low
noise amplifier according to a fourth embodiment. In this
circuit, the attenuator AT'T 1s constituted of capacitors C4, C2
and C3, and the capacitor C2 1s connected to the ground GND.
The capacitor C2 may be connected to the power supply VDD
in a similar manner to the first and the second embodiments.
Because the ground GND and the power supply VDD are
power supplies of large capacity, the above connection 1s
equivalent to a grounded power supply from an AC point of
view. Other configurations are identical to the amplifiers

shown 1n FIGS. 4, 5.

Similar to FIGS. 4, 5, the above amplifier 1s operated as a
grounded gate amplifier constituted of the transistors Irl, Tr2
and the load element R1. The amplifier can perform low noise
amplification over a wide bandwidth, and also the nput
impedance can be adjusted over a wide bandwidth through
the adjustment of the mutual inductance of the transistor Trl.
Meanwhile, at the time of the attenuation operation, the
attenuator AT'T constituted of the three capacitors 1s iserted
between the drain DR and the output terminal OUT. In this
case, a signal on the drain DR 1s attenuated by the impedance
division by means of the capacitors C4, C2 and then generated
at the node N1. Then, the above signal at the node N1 1s
turther attenuated by the impedance division by means of the
resistor R1 and the capacitor C3, so that the attenuation signal

—

1s output to the output terminal OUT.

In the case of the fourth embodiment, because the attenu-
ator ATT 1s configured of three capacitors, the impedance
thereot has a frequency characteristic. Therefore, in the point
of a narrowed frequency bandwidth in which the input imped-
ance can be matched, the embodiment concerned 1s inferior to
the examples shown in FIGS. 4, 5.

FIG. 8 shows a diagram 1llustrating the simulation results
of an amplifier with an attenuator, according to the present
embodiment. The embodiment 1s a high frequency low noise
amplifier shown 1n FIG. 5. FI1G. 8 (A) shows the characteristic
of the input power versus the output power (Pin-Pout charac-
teristic) at the time of amplification operation, while FIG. 8
(B) shows the characteristic of the mput power versus the
output power (Pin-Pout characteristic) at the time of attenu-
ation operation. The horizontal axes represent the input power
Pin, and the vertical axes represent the output power Pout,
respectively. There 1s shown the difference between the char-
acteristic of the mput power versus the output power (Pin-
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Pout characteristic) and the 1deal linear characteristic of the
above power characteristic.

At the time of the amplification operation, as shown by a
difference 54 between an 1nput/output power characteristic
52 and an 1deal linear characteristic 50, an mput P1dB, 1.e.
input power producing the difference 54 of 1 dB 1s approxi-
mately —25 dBm. When the input power 1s not higher than the
above mput P1dB, input/output power characteristic 52 has a
substantially linear characteristic. Also, at the time of the
attenuation operation, as shown by a difference 64 between an
input/output power characteristic 62 and an 1deal linear char-
acteristic 60, the input power Pin of the input P1dB 1s approxi-
mately -5 dBm. Apparently, it 1s possible to maintain a linear
characteristic to the input having larger power as compared to
the case of the amplification operation.

As having been described, according to the present
embodiments, the noise factor 1s not deteriorated because of
non-provision of a thermal noise source, such as an attenuator
and a switch means, in the preceding stage of the amplifier
circuit. Further, the input impedance can be matched over a
wide frequency band at the time of the attenuation operation.

According to the embodiment, there 1s a configuration
capable of selectively inserting the attenuator 1n the succeed-
ing stage of the grounded gate transistor, by the intermediary
of switches. Accordingly, because neither an attenuator nor a
switch 1s provided between the mnput terminal and the
antenna, there 1s no thermal noise source, and thus, the dete-
rioration of the noise factor can be restrained.

In the above embodiment, a first switch transistor 1s dis-
posed between the drain of the grounded gate transistor and
the output terminal, a second switch transistor 1s disposed
between the drain and the attenuator, and a third switch tran-
sistor 1s disposed between the attenuator and the output ter-
minal, respectively, and the high frequency amplifier
becomes an amplifier without attenuation when the first
switch transistor 1s 1 a conducting state and the second and
the third switch transistors are in a non-conducting state,
while the high frequency amplifier becomes an amplifier with
attenuation when the first switch transistor 1s 1n a non-con-
ducting state and the second and the third switch transistors
are 1n a conducting state.

In the above preferred embodiment, the attenuator includes
a first impedance element disposed between the second and
the third switch transistors, and a second impedance element
disposed between the first impedance element and the power
supply, and the second impedance element and the load ele-
ment are connected 1n parallel.

In the above attenuator, further, a third impedance element
may also be added between the first impedance element and
the output terminal.

In the above-mentioned attenuator, the first, the second and
the third impedance elements may be either resistance ele-
ments or capacitance elements. In particular, because of little
dependence of frequency in the case of the resistance ele-
ment, 1t 1s possible to adjust the input impedance to a desired
value over a wide bandwidth.

Also, when a higher frequency signal 1s dealt with, an
inductor may be used 1n place of the resistor, as the above-
mentioned amplifier load element.

Since the attenuator 1s inserted between the drain and the
output terminal, it becomes unnecessary to provide an attenu-
ator and a switching element 1n the preceding stage of the
input terminal, thus eliminating a thermal noise generation
source, making 1t possible to prevent the deterioration of the
noise factor. Moreover, because of a grounded gate amplifier
using the grounded gate transistor, the mput impedance can
be adjusted over a wide bandwidth by adjusting mutual con-
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ductance gm (a ratio of the variation of a drain current to the
variation of a gate voltage) of the transistor. Accordingly, in
the low noise amplifier in accordance with the present mven-
tion, 1t 1s possible to set the input impedance to a desired value
over a wide bandwidth.

INDUSTRIAL APPLICABILITY

The present invention 1s a high frequency low noise ampli-
fier for recerving mput signals over a wide bandwidth.

The foregoing description of the embodiments 1s not
intended to limit the invention to the particular details of the
examples 1llustrated. Any suitable modification and equiva-
lents may be resorted to the scope of the invention. All fea-
tures and advantages of the mvention which fall within the
scope of the 1nvention are covered by the appended claims.

What 1s claimed 1s:

1. An amplifier for amplifying a reception signal, having an
input terminal for inputting the reception signal from an
antenna, comprising:

a grounded gate transistor of which gate 1s grounded in a
high frequency manner and of which source 1s con-
nected to the input terminal;

a load element disposed between the drain of the transistor
and a power supply;

an output terminal connected to a connection node between
the drain and the load element; and

an attenuator having a first terminal and a second terminal,
and the first terminal and the second terminals being
selectively connected to the drain and the output termi-
nal respectively.

2. The amplifier according to claim 1, further comprising;:

a first switch transistor disposed between the drain of the
grounded gate transistor and the output terminal, a sec-
ond switch transistor disposed between the drain and the
first terminal of the attenuator, and a third switch tran-
sistor disposed between the second terminal of the
attenuator and the output terminal,

wherein the first switch transistor 1s in a conducting state
when the second and the third switch transistors are in a
non-conducting state.

3. The amplifier according to claim 2,

wherein the attenuator comprises a first impedance ele-
ment disposed between the second and the third switch
transistors, and a second impedance element disposed
between the first impedance element and the power sup-
ply.

4. The amplifier according to claim 3,

wherein the attenuator further comprises a third impedance
clement disposed between the first impedance element
and the output terminal.

5. The amplifier according to claim 4,

wherein the first, the second and the third impedance ele-
ments are either resistance elements or capacitance ele-
ments.

6. The amplifier according to claim 1,

wherein the gate of the grounded gate transistor 1s con-
nected to the ground via a capacitance element, and also
connected to a first bias voltage via a resistance element,
and the source 1s connected to a second bias voltage via
an inductor.

7. An amplifier for amplifying a reception signal, having an
input terminal for inputting the reception signal from an
antenna, comprising:

a grounded gate transistor of which gate 1s grounded in a

high frequency manner and of which source i1s con-
nected to the input terminal;
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a load element disposed between the drain of the transistor
and a power supply;

an output terminal connected to a connection node between
the drain and the load element;

an attenuator selectively inserted between the drain and the
output terminal;

a {irst switch transistor disposed between the drain of the
grounded gate transistor and the output terminal;

a second switch transistor disposed between the drain and
the attenuator; and

a third switch transistor disposed between the attenuator
and the output terminal,

wherein the first switch transistor 1s 1n a conducting state
when the second and the third switch transistors are in a
non-conducting state.

8. The amplifier according to claim 7,

wherein the attenuator comprises a first impedance ele-
ment disposed between the second and the third switch
transistors, and a second impedance element disposed
between the first impedance element and the power sup-
ply.

9. The amplifier according to claim 8,

wherein the attenuator further comprises a third impedance
clement disposed between the first impedance element
and the output terminal.

10. The amplifier according to claim 9,

wherein the first, the second and the third impedance ele-
ments are either resistance elements or capacitance ele-
ments.

11. The amplifier according to claim 7,

wherein the gate of the grounded gate transistor 1s con-
nected to the ground via a capacitance element, and also
connected to a first bias voltage via a resistance element,
and the source 1s connected to a second bias voltage via
an 1nductor.

12. An amplifier for amplitying a reception signal, having
an 1nput terminal for mputting the reception signal from an
antenna, comprising;

a grounded gate transistor of which gate 1s grounded 1n a

high frequency manner and of which source 1s con-
nected to the input terminal;

a load element disposed between the drain of the transistor
and a power supply;

an output terminal connected to a connection node between
the drain and the load element; and

an attenuator selectively inserted between the drain and the
output terminal,

wherein the gate of the grounded gate transistor 1s con-
nected to the ground via a capacitance element, and also
connected to a first bias voltage via a resistance element,
and the source 1s connected to a second bias voltage via
an 1nductor.

13. The amplifier according to claim 12, further compris-

ng:

a 1irst switch transistor disposed between the drain of the
grounded gate transistor and the output terminal, a sec-
ond switch transistor disposed between the drain and the
attenuator, and a third switch ftransistor disposed
between the attenuator and the output terminal,

wherein the first switch transistor 1s 1n a conducting state
when the second and the third switch transistors are in a
non-conducting state.

14. The amplifier according to claim 13,

wherein the attenuator comprises a first impedance ele-
ment disposed between the second and the third switch



US 7,443,243 B2

9

transistors, and a second impedance element disposed
between the first impedance element and the power sup-
ply.

15. The amplifier according to claim 14,

wherein the attenuator further comprises a third impedance
clement disposed between the first impedance element
and the output terminal.

10

16. The amplifier according to claim 15,
wherein the first, the second and the third impedance ele-

ments are either resistance elements or capacitance ele-
ments.
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